11t Zimanyi Winter School
0N Heavy lon Physics

Status of the

e
PH-ENIX
Experiment at RHIC

Roébert Vértesi
MTA KFKI RMKI, Budapest, Hungary
29th November 2011

11/29/2011 1

R. Vértesi



Some history

Strong interaction is the least understood

= pQCD only at high momentum transfer
= At low energy we rely on effective models or lattice

= Expected new state of matter where quarks break free
(The Quark Gluon Plasma)

= Matsui-Satz (1986): charmonium will not bind
because of Debye screening
- Signature of QGP is J/y suppression

= SPS claim of finding this matter (2000)

* Problems (1) there can be concurrent effects, and
(2) mechanisms that actually enhance #J/y

A dedicated collider to find QGP, find out its properties
and better understand QCD: RHIC

11/29/2011 2 R. Vértesi



Two independent rings
= 3,9 km long each

= Collides heavy ions...
= Au+Au, Cu+Cu, ...
= sy = 7,7 — 200 GeV
= ...and protons
= p+p up to Vs = 500 GeV
= Different polarization patterns

= Asymmetric setups

I ; /,.!

" d+Au e S gz
I Aggg}?:‘r;)tor* ~SyRchrotron
= 4 experiments = A
- age, s :'.'.l .!-
= All different capabilities | Tendem
= PHENIX, STAR (the ,large” ones)
= PHOBOS, BRAHMS (completed) Tandern-to-

Booster line |,
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experiment

2011 PHENIX Detector

PC3
Central TEC

* Tracking system -
= Gas chambers at mid-rapidity |
» Dipole magnet

= Measuring spectra and
correlation of charged
hadrons (%, K+, p, )
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u C al 0 rl m etry West Beam View East-

- RPC3
- Tco 1 n 1 Central Magnet
= direct photons K

= |dentifying leptons
= e*e pairs, u* (forward region) |I|| |||
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* heavy quarkonia (J/y)
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A new state of matter

| e e
= Jet Suppress|on 1_4:— PHENIX prellmmary__\Y_ . 3}:10{3;%
= Central Au+Au collisions: 2t PHCENIX_2_o,co0%
Less high-pT hadrons 3 iﬁmﬁu * -------------------------
than estimated from p+p 0.8 % t 1B {
Yield oo g, {
Rax = AA | 0.45{3.{;&#! } ; + }
(Niinary 22 Yi€ld,, 02 '%j--- s
= Factor of 5! % "2z 4 6 8 10 12 14 16 18 20
P, (GeV/c)
//

= Butis it really a new state of matter? _ ¥
= Direct photons are not suppressed )
= No suppression in peripheral Au+Au
= No suppression in d+Au
- Final state effect > YES!

11/29/2011 5 R. Vértesi



= |t flows!
= Azimuthal anisotropy w.r.t. reaction plane

f () o (1+ 2+Z.OVn COS[n(go—wn )]j

Elliptic flow v2 >0
Contradicts expectations

= Consistent with hydro models 0.3 ® w+x (PHENIX) - p*p (PHENIX)
i m K'+K (PHENIX) O A+1_\_.(STAR)
= Even photons flow : ¥ holnian _RIE Gl Ik
» |t's a fluid of quarks ) cfﬁ(’%}ﬁ #)'_: N
= Scaling by quark number Z .ﬁ‘#@,:*‘ all e
_ 0l % It
= |t's the most perfect fluid - i
= Viscosity near conjectured ' It B
theoretical limit o . R e R ;
p; (GeVic) KET/rlq (GeV)

n/s ~h/4n, c,=0.35¢C
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t. But how hot?

= Thermalized source of particles
= Boltzmann-like distribution: N(m)~e~™T/T
= For all hadrons, T ~ 170 MeV after radial flow correction
This is near Hagedorn’s limit

= Of course: we only see the freezeout.
Quark matter is opaque for hadrons.

= We need a penetrating probe

= Direct photons
= Come from all stages of reaction

= Extremely useful, but...
= Extremely hard to disentangle different photon sources
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es of photons

hard scatt

Rate

jet Brems.

Hadron Gas J parton-medium interaction
.. Jet-thermal

sQGP R
sQGP 5

Jet-Thermal W hadron gas

Jet Brems.
I
Scatt ,'
E, Vs
| log t
1 10 107 (fm/c)
= [nclusive photon spectrum has huge background
Mainly n°® - yy , also other hadrons
= Precise direct photon measurement limited to p>2-4 GeV
We miss the thermal region
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= Virtual photons have mass
= By selecting masses,
phase space of hadron decays
restricted
Internal conv.
Compton . ee'
q
r* — ete-
g q P
virtuality
= Use e+ e- pairs 1
= Good ID in PHENIX  Mass
= M. >M (GeV/c?)
ee T
Got rid of main background
1 dN,, 2« 4m m;
= L+ )—\F( 2
N, dm, 37 mZ m2'm,
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Thermal photons

")
=
3

= Inclusive photon X v /inc » & 4 AuAuMin. Bias x10°
E '":I': = = AuAu 0-20% 2107
= Fitted the spectra: p+p fit + exp E1ES 7" AvAwedoxo
e 1oL o v pép
= T,,.=221 +£19s@+19%stMeV (MB) = ) Turbide et al. PRCES
S
[17]
= [|nitial properties from model calculations %"““
% 107
= T, =300...600 MeV, 3,
€nii—15 GeV/fm3, Pinit = 1.5 GeV/fm3 =
=10"
b -1
'F Direct photon spectra at\[s,,,, = 200GeV w10®
w TanlT gau= d+Au (RUNE) &
107 TaalT 4u, % d+Au (RUN3) 10 N
: - Au+fAu (MB, PRL104 132301) 4 I T T T N U T T W T T T N IO O O
107 L ® Taax PP fit result 1077 2 3 4 5 6 it
M d+Au Min. Bias Py (GOVIE)
10° g “._‘.:_
10°F “* No excess in d+Au - not a nuclear effect
-5: "H;t
10°F N : :
© PHTENIX preliminary f [ B No hadronic matter can be this hot 2 sQGP
10-'5? 1™
_qul....n....|.._L_.|..._J_|....|....

3 4
p, (GeVic)
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Pirect photon flow (theory)

= Hydro expected v,

= Prompt photons:
no flow

= Early thermal photons:
small flow

= Later thermal photons:
larger flow

= Further constrains T,
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PRC79, 021901 (2009)

11 R. Vértesi



TN
PH “ENIX

o™~
>
o
B
' 0.2~ preliminary
g N
=
;.'-_

Au+Au@200 GeV
minimum bias
TCO V2

.i,dir. ,‘,2

0.25|

DIEct photon flow (15t time meas.)

Hydro. Thermal v

— Hydro.Thermal+Hard vy

Y V(D)

Theory: Holopainen, Rasanen, Eskola

PH- ENIX
preliminary

01—
o.osf—
I
'0'053_ | l l | | 1 1 |
11'1“”2H”3H”4”“5“ 6 7 8 1 2 "3 P 5""6
[GeV/c] p, [GeV/c]
= inclusive photon v, similar to 7° v,
= Direct photon v, consistent with O at high p; as expected
= But: comparable to n°v, at lower p+
= Most models underpredict direct photon v,
= Challenge to theory
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Clron excess

"5 min. bias Au+Au \[s,, = 200 GeV
= DATHA Inﬂ'lﬁﬂ diy — ee
_ |yl =035 - Wy — e
R 0.2 GeVig—— 11— vee *ve- A8 — ee (FYTHIA)
e — surm

= Large excess observed in Au+Au

= A direct probe sensitive to in-medium
properties of light mesons

= Au+Au data ~5x excepted
from hadron cocktail

= Concentrated at m,,<m,
= No excess observed in p+p

- e g s ee (fandom correlation)
1o 1 ,_, . T E PYTHIA
= - PYTHI

10 e .

1o G

dNidm,, (=*&=V) IN PHENIX ACCEPTANCE

Diata/ T dail

= Room for improvement
= Combinatorial background large
= S/B in this mass region is 1/200

= Hadron Blind Detector
= \Windowless Cherenkov, B~0
» Took data in 2009 p+p and 2010 Au+Au
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hderstanding the phase transition

= How does matter transform?
= Type of phase transition?
= Critical point?
= Relation of deconfinement
and chiral transition?

" RHIC energy scan

Probing different regions
of the phase diagram

= Au+Au from 7.7 to 200 GeV
= Cu+Cu from 22 to 200 GeV
= p+p from 62.4 to 500 GeV

= Complementary to LHC data
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Early Universe The Phases of QCD

Future LHC Experiments

Cnitical Point

Hadron Gas ;
g Superconductor

/

Matterl Neutron Stars
-

Baryon Chemical Potential
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PHENIX, Au+Au

e 0-10 %, 39 GeV
= 0-10 %, 62.4 GeV
¢ 0-10 %, 200 GeV

Preliminary

PH ENIX

-
P, [GeV/c]

20

RAA

PHENIX, Au+Au

e 4060 %, 39 GeV
#l ¢ | + 40-50 %, 200 GeV

L ]

0.5

jﬁ:ﬁﬂ%ﬁﬁ

s 4060 %, 62.4 GeV
n

—~——
PH ENIX
Preliminary

i
|

N R R
10 15 20

P [GeV/c]

5

IqAA

15

* \'8y, =224 GeV
° \/sTm =62.4 GeV
. /S_NN =200 GeV

’ Cu+Cu, 0-10% most central

0.5

Significant suppression at Vs, = 200 and 62.4 GeV Cu+Cu
Still strong suppression (factor of 2) in the most central Vs, = 39 GeV Au+Au
R, from Vs, = 62 GeV Au+Au datais comparable with 200 GeV Au+Au Ry,

data for p; 6 >GeV/c

Peripheral Vs, = 62 and 200 GeV data show suppression
No suppression in peripheral Vs, = 39 GeV
Moderate enhancement at central Vs, = 22.4 GeV Cu+Cu
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Q)
o~ :
? | IR IR { i SPS, max
g *1 ! ; l ; reach

1_. .................................................................... : ................................................................... .
o L . } ; hF‘]‘H" $: {, System size:
VoI ? ']'ui' i.l. - Circles: Cu+Cu
Q Au+Au: Cu+Cu: + i .
ooT = \/s,,=200GeV o \/s =200GeV ‘ -[-,[, " Squares: Au+Au
o T " \syy=624GeV e \s, =62.4GeV
< | m \/s,, =39.0 GeVI o \/s_m1=22.£E:GeV |
o’ R —

10 10° ; 10°*

E..= (Nmlrt x\/Syn)/2 [GeV]

SPS, max reach: 2 x 208(Pb) x 17.3 GeV (Vsy,)/2 = 3598.4 GeV

* All the R,, values show the same trend.
* No exact scaling for all p ranges
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WHDG 0.20 TeV  Constrained

WHDG 2.76 TeV Extrapolation

=g ey iy =]

0
i
" PHENIX 0-10% 0.06 TeV (Prellmmary)
i

hey, ALICE 0-5%
hg, ALICE 70-80%

2.76 TeV
276 TeV

PHENIX 0-5% 0.20 TeV T T

J I

)]

p, (GeV/c)

= Suppression surprisingly similar!

LCMS preliminary |

_L

[ PoPb — htX, [n<1.0

| V8 = 2.T6 TV

(.8[ Horowitz and Gyulassy (arXiv:1104.4358)
- | ' WHDG LHC extrapolation

< 0.6

0.4 geed Hiii
?I_lu |} '_“il ///
® T‘;‘// /*//
0.2_ = _
o5y

T 4o UNCEAINDY

Illllllll

A
\\[_H\
e i
e
l]llIIIIJlJ

IIJ]llI

L L 1 1 ][II il L
2 3456 10 20 30
o (GeV/c)

100

= RHIC: R,, consistent with constant above p;~5 GeV

= LHC: Definite rising trend
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SclliE PeErT

0 ——— L R — — T
- o \(5_m=2°|°GEV PHElNIX Preliminary
N Foa \{s_m=62.4 GeV 1
> : » \{s_NN=39 GeV
02 =
I g 8 0 ¢ l:
.
B ¥ ,
01 - . ¥ |
-, ]
]
0;2'3 0-0.511.522.533.544.55
P, (GeV/c)
PT (GeWc) Prer‘rmmary STAR, PHENIX and E895 data
r» STARUTGW ] I o |
- . . 0 STAR,1.7GeVlc 1 ALICE
[ 0O PHENIX, 0.7 GeVie
= Similar hydro properties suiimtel vl | e
A EBYS
vV, at given p; saturates - [Tcewe

around or below 39 GeV L _
. 70 o L 2

= Almost perfect fluidity ) e
from ~39 GeV to 2.76 TeV |

| 10 10 103 10
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EVEnt=py-event fluctuations and v,

= Approach before 2010:

deairs 1
oc| 1+ > 2v%v° cos(nA
A ( le av2 cos( <o)j

= Symmetry: no odd components (¢ — ¢ + m)

= B. Alver and G. Roland (May 2010)

= Events are different — fluctuations
= Triangularity = v,

0-10 % C 30-40 %

u V3 ~ V2! o.zsi— ;—

Au+Au 200GeV

o2l * Vaivr} r e B
~ A v-’{ws} r - ,." .
N C P
: o Vq'-{ll-‘.} .
= 015 C
>
01— —
0.05 — -
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/giexplains Mach cone and ridge

= High pT hadron correlations
= Ridge: Long-range
near side n correlation
= |nitial fluctuation is common!

= Mach Cone: away side
double peak in central collisions

; CF - Flow f PHENIX preliminaryv
0.2 - ﬂ vV, correction | | VoV V, correction
- A ® Au+Au (ABS) |} , .
o |2 B ' M p+p (ZYAM) T Y PH " ENIX
2E: | ‘ yx
olg 0.1 il '
I l. f \.lﬂm v o’y
[\ ' &
0 STTTET,

a0 1
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yadisentangles initial state and z/s

V, described by Glauber and CGC

v, described only by Glauber

025 . PHENIX —#— ot PHENIX —#—
Theory CaICUIatlon:Glauber —A— arXiv:1105.3928 Glauber —a&—
; Alver et al. KLN —&— e A KLN —&—
02t —~—— 0.08 | :
CUS\(PRC82034013  PH-ENIX | | M
0.15 F arXiv:1105.3928 0.06 Theory calculation:rr 77
o <\ = Alver et al.
01 f 0.04 | PRC82,034913
—~—
0.05 - 0.02 PH--ENIX
| 1.75 < pr < 2.0 GeV/c 1.75 <pr<2.0 GeVic
arXiv:1105.3928v1 g l AT 105 ARy
¢ c0 100 180 200 D953 300 450 0 50 100 150 200 250 300 350
Npart Npan
Glauber initial state (/s = 1/4n) favored and
CGC initial state (n/s = 2/4x) disfavored by v3
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' J/p puzzle

...................................................................... _ ——@—— \5,= 200 GV Au+Au (2007), arXiv:1105.1966 k @ \[5,,= 200 GeV AuAu (2007), arXiv:1105.1966
0 NA38/50/60 e global s, = 19% 14 i
J/Ij! 200 GeV Au+Au A r Periphera (60.93%): < <N _>=145:27 - Peripheral (40-93%) : <N_>= 4.6+ 6.2
m PHENIX 1.2<lyl<2.2 1 12 o \B= 624 GeV AuvAu (2010) 12F o \5u= 39 GeV Aurau {20101
o PHENIXyl<035 | - B S o e sers : B S0 s
1T 1 &
NARSOO systi1 | ] PHEN Preliminary | ¢
n:o 0.8 M S pp, 1.2 <ly| <2.2 508

F) _ as? %;I:I 6322 G;EE\/ x ms% I I 1 m EBE; 6;53\/
f S S | 04 III 11 1 04 i i I T
i/ § o 5 | 0z Y7 1 0z PHENIX Preliminary I

JW = pp, 1.2 <ly| <22

oy .
T T

02k  Iyl<0.35 syst 12% _ % 5000 150 200 250 300 350 400 030" 00 450 200 250 300 350 400
- ly 7<lyl<2y” syst 9.2% E%\’Ixifo!“w:drd Npar+ Npar+
00 I ](IlO 200 400 N
N art & 1.4 " cms P}elimilnary | -
= General picture at mid-rapidity: TP Ve mRTRTEY
J/y suppressed to approx. the | T— E
same extent at HH o PHEN 1 2dy22 ]
0.6: E'I ﬁ ﬁ (both arXiv:1103.6269) {
= SPS (17.2 GeV) F JR 1
= RHIC (200,62,39 GeV) @a o g‘ i .
= LHC (276 TeV) o(; '6'5'5;? T(:)Ofszwczoo 550300380 'elti)o
Npan
= STAR: J/y does not flow gmuch) |
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1.1

0.9

0.8

0.7

0.6

0.5

0.4

0.33

-
--------

Global Scale Uncertainty+7.8%

™

— EPS09 andcbr=4 mb
' I L L L ' l L L 1 L

—
—

-2 -1 0 1 2

= Suppression in forward d+Au

= CNM “baseline”

= Several contributors, hard to
disentangle

= Challenge for models
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* |Less suppression in central
than forward Au+Au

=~ Mid Rapidity
12— m  PHENIX |y|<0.35 \/S = 200GeV
- ¢+ SPS\s=17.5GeV ]-a“ P

+ CMS prompt J/'¥ 0.0<|y|<2.4 \s = 2.76TeV

CMS pr > 6.5 GeV/c

TSN T N T T S T SN T T T T O T S O Y B L
“#- Forward Rapidity

= m  PHENIX 1.2<|y|<2.2/& = 200GeV
e PHENIX 1.2<|y|<2.2\5 = 62GeV

A ALICE 2.5<|y|<4.0\s = 2.76TeV

osf ALICE, all pr
06— § -
0.4:— u ‘%5‘%&: “““““
02 kS . N . * " i
o: 1 NP B T
50 100 150 200 250 300 350 400
Npcn"T
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Absolute Polarimeter (H jet) R‘}{IC pC Polarimeters

) PHENIX
T

= Polarized pp collisions
» Varied spin orientations e
= First W observations 2009 AN
= Improved capabilities in 2011 N 1 St

RF cavities

Pol. H Source

I

= Purpose ”
= Parton contribution to proton spin?

sy d, > W', di, oW,
= W*/W- ratio: access to ‘
polarized PDF’s d

I
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W results

g;‘“’ ii:erlsnlalion(:ut - Asymmetry
» 42 “+” candidates

NsHne = 13 “-” candidates

=
f Electron candidates
%1 [ ] estimateaBG
] = Estimated BG after Isolation Cut
z
=
=
o — "
© £ | Theory curves: FEWZ and MSTWO08 NLO PDF's ,_ ——
s | ==
i 5
PR e N T SR T Lo 103__—
0 p, (Gevic) D =
B —
L Pp—W_ < .
L - = :
i ® PHENIX W*
-sectionvs. « "7 o
F . O UA1
. oW O UA2
I I [ pp—W
uiation » Do
i ¢ CDF
1 L 1 1 1 1 1 | 1
300 400 500 600 1000 2000
\s (GeV)

11/29/2011 25 R. Vértesi



gnderway: Silicon Vertex Detector

=" ,!;i 15

p+p@500 GeV, 2011 Au+Au@200 GeV, 2011

= Status
» VTX successfully commissioned in 2011 p+p run
= VTX taking data in Au+Au
= Physics
= R, Of C, b separately
= v, of c, b separately
= Jet tomography (di-hadron, y-h, c-h, c-c)
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The next decade

Installation of current upgrades-
heavy flavor, forward photons

= SPHENIX physics plan

" PHENIX Major detector configuration
change with exciting prospects

7 Y fuure A new era in jet physics at RHIC!

|

= SuperQCD Era

» RHIC + eRHIC with
PHENIX EIC capabilities

11/29/2011 27 R. Vértesi



Covered (to some extent).
= Jet suppression, Iits onset
* Flow (v2, v3) , its onset
» Direct probes: photons, electrons
= J/psi suppression, cold nuclear matter effects
= Spin: parity violation, W
= Some history and plans

Only a fraction of topics
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Thank you!

Special thanks for the ideas (slides ©) to

— Stefan Bathe (photon flow)

— Sinlchi Esumi (v3)

— Barbara Jacak (decadal plan)

— Roy Lacey (flow)

— Eduard Kistenev (spin)

— Jeff Mitchell (energy scan)

— Mihael Makek (dilepton/HBD)

— Norbert Novitzky (low-energy pi0O’s)

— Takao Sakaguchi (direct photons)

— Mike Tannenbaum (all kinds of ideas)

and all the PHENIX community
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